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Abstract  
 
Background:  Fall-induced traumatic brain injuries (TBI) of elderly adults are a major public health concern.  
  
Methods:  We determined the current trends in the absolute number and incidence (per 100,000 
persons) of severe fall-induced TBI among 80-year-old or older Finns by taking into account all 
persons who were admitted to Finnish hospitals for primary treatment of such injury between 1970 
and 2017.     
 
Results:  The total number of hospitalized older Finns with a fall-induced TBI increased 
considerably between the years 1970 and 2017, from 60 (women) and 25 (men) in 1970 to 1622 
(women) and 991 (men) in 2017. The age-adjusted incidence of TBI (per 100,000 persons) also 
showed a clear increase from 1970 to 2017: from 167.9 to 800.4 in women (377% increase), and 
from 176.8 to 927.3 in men (424% increase).  If this trend in the age-adjusted incidence of hospital-
treated TBI continues, and the size of the 80-year-old or older Finnish population increases as 
predicted (from 0.29 million in 2017 to 0.49 million in 2030), the number of these severe injuries 
among 80-year-old or older Finns will be approximately 1.8 times higher in 2030 (4811 injuries) 
compared with 2613 injuries in 2017.  
 
Conclusions:  The number and age-adjusted incidence of fall-induced hospital-treated TBI among 
elderly Finns increased considerably between 1970 and 2017. Wide-scale fall and injury prevention 
measures are urgently needed, because further aging of the population is likely to worsen the 
problem in the near future.  
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Introduction   Traumatic brain injury (TBI) is a major cause of hospitalization, disability and death worldwide (1- 5).  Younger people usually receive a TBI in sports activities, motor-vehicle crashes or assaults, while among elderly people a simple fall is clearly the most common cause of the TBI (1-10).  In long-term care facilities, head impact occurs in surprisingly many fall incidents, in one-third of all falls (11).  
 
As such, falls and related injuries are a major public health concern, especially in contemporary 
societies that have aging populations (2,3,9).  As the number of elderly persons in these populations 
continues to increase, the number of injuries will also rise.  
 
About 30% of older adults living in the community and over 50% of those living in institutions fall 
every year, and about 50% of those who fall do so repeatedly (2). Not all falls are injurious, but 4-
5% of them result in a fracture, and other serious injuries, such as TBI, severe lacerations and 
serious soft tissue injuries, occur in 5-11% of falls (2,3,4,7,8-10). Of these categories, a fall-induced 
TBI is the most severe (life-threatening) condition.  
  Previously we reported that the number and incidence of fall-induced hospital-treated TBI in Finnish older adults 80 years of age or older have shown an increasing trend since 1970s (12).   The objective of this study was to follow this high-risk population to the end of 2017 to assess the most recent changes in the risk of this severe and disabling injury.  These statistics will benefit all parties (health care professionals, politicians) related to falls and injury prevention of older adults. Understanding the epidemiologic trends in elderly people’s TBI will help in organizing and optimizing the preventive work and its resources.     
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Materials and Methods 
 
In accord with other epidemiologic studies (2,12,13), we defined a fall-induced TBI as a head injury 
that occurred as a consequence of a fall from standing height of 1 m or less and resulted in 
hospitalization of the victim and then collected from the National Hospital Discharge Register 
(NHDR) all Finnish persons 80 years of age or older who were admitted to our hospitals from 1970 
to 2017 for primary treatment of such injury. Traffic accidents and other high energy trauma were 
excluded, as were cases with codes identifying trauma sequelae and orthopedic aftercare.     
 
The Finnish NHDR (established in 1967) is operated by the National Institute of Health and 
Welfare (Helsinki, Finland).  It is the oldest nationwide discharge register in the world, and the data 
provided are well suited for epidemiologic analyses. This statutory, computer-based register is well 
validated covering acute injuries in the population adequately (annual coverage of injuries is > 
90%) and recording them accurately (annual accuracy of injury diagnoses is also > 90%). This 
concerns especially severe injuries with clear-cut diagnoses, such as TBI (14,15). 
 
Between 1970 and 2017, the Finnish NHDR has used the eighth, ninth, and tenth revisions of the 
International Classification of Diseases: ICD-8 (1970-1986), ICD-9 (1987-1995), and ICD-10 
(1996-2017). The used diagnosis code classes for the TBI were: 800-804 and 850-854 (ICD-8); 
800-803 and 850-854 (ICD-9); and S02, S06, S07 and S09 (ICD-10).   
 
The annual midyear population figures in 1970–2017 and the population prediction until the year 
2030 were taken from the Official Statistics of Finland (16,17).  In this statutory, computer-based 
register (The Official Population Register of Finland), every Finn is registered by his or her 
personal identification number. The register is quality controlled continuously and updated by 
Statistics Finland, the Central Statistical Office of Finland.  
 5 
 
Age-adjusted and age-specific incidences of hospital-treated TBI were calculated for both sexes and 
were expressed as the number of cases per 100,000 adults aged 80 years or older per year.  The age 
adjustment was performed by direct standardization using the mean 80+ population in 1970-2017 as 
the standard population.  Calculations for the age-specific incidences were done in 5-year age 
groups (80-84, 85-89, and >90 years).   
 
In each of the above noted age groups, the future incidence prediction was assessed using a linear 
regression model, and then, within each age and sex group, the predicted absolute number of 
hospital-treated TBIs in 2030 was obtained by multiplying the incidence by the estimated number of 
inhabitants. This estimation was obtained from the Finnish Population Projections 2018-2030 (17).  
 
The study consisted of the entire Finnish population (4.6 million people in 1970 with a gradual 
growth to 5.5 million in 2017).  Thus, the given absolute numbers and incidence rates of the 
hospital-treated TBI among 80-year-old or older Finns were not cohort-based estimates but actual 
results in the respective total population, and therefore, this study, in full agreement with our 
previous epidemiologic investigations (2,12,13), did not use statistical analyses with probability 
values and confidence intervals characteristically needed in cohort or sample-based estimations 
with sampling variability.  
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Results  
 
The total number of hospital-treated older Finns with a fall-induced TBI increased considerably 
between the years 1970 and 2017, from 60 (women) and 25 (men) in 1970 to 1622 (women) and 
991 (men) in 2017 (Figure 1A). The age-adjusted incidence of TBI (per 100,000 persons) also 
showed a clear increase from 1970 to 2017: from 167.9 to 800.4 in women (377% increase), and 
from 176.8 to 927.3 in men (424% increase) (Figure 1B).  
 
In women, the age-specific hospital-treated TBI incidence rates (per 100,000 persons) in the age 
groups of 80-84, 85-89, and 90 years or older in 1970 vs. 2017 were 170, 171 and 151 vs. 604, 944 
and 1311, respectively (Figure 2A).  In men, these rates were 160, 56 and 681 vs. 729, 1146 and 
1704 (Figure 2B). 
 
If the above noted trend in the age-adjusted TBI incidence rates continues, and the size of the 80-
year-old or older Finnish population increases as predicted (from 0.29 million in 2017 to 0.49 
million in 2030), the number of fall-induced hospital-treated TBI among 80-year-old or older Finns 
will be approximately 1.8 times higher in 2030 (4811 injuries) than 2017 (2613 injuries) (Figure 3).  
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Discussion  
 This 47-year follow-up study shows that the number and age-adjusted incidence (i.e., average individual risk) of fall-induced hospital-treated TBI in Finnish men and women aged 80 years or older increased considerably during 1970-2017. Compared to the data in our previous study (12), the alarming rise has continued (Figure 1).    Our findings are in line with other recent observations on fall-induced severe TBI among elderly adults (1-10), but the exact reasons for the ongoing increase are largely unknown.  In other words, we do not know whether the increase in fall-induced TBI is related to an increase in falls, an increase in TBI after a fall, or both. Today elderly people, or at least the frailest part of them, may fall more often and more seriously than their predecessors as they live long with many chronic diseases and disorders (1,2,12,18-21).  Also, some strong external risk factors for falling, such as polypharmacy, may have become more common among elderly adults (1,2,18), and additionally, changes in living arrangements; impaired balance, muscle strength and vision; sensory neuropathy; alcohol drinking; poor nutrition; and increased use of anticoagulants may have contributed (12,18-22).     The strengths of this epidemiologic secular trend analysis include unchanged TBI definition, a population-based complete, accurate and current database, and exceptionally long follow-up. The limitations include the lack of information on non-hospitalized TBI victims and reasons and risk factors for falls and subsequent injuries (12).  In the USA, approximately one-third of older adults with TBI are hospitalized (5).  Although our TBI population consisted of the oldest old with high probability for hospital admission, the unknown proportion of non-hospitalized patients might refer to possible secular changes in the hospitalization policy of 
 8 the TBI victims.  We see that for two reasons this cannot well explain our continuously and steeply risen numbers in 1970-2017. Firstly, in head injuries nothing else than the condition of the patient has always dictated the decision for hospitalization.  In other words, according to the long-term clinical traumatologic experience in our research team, the indications for hospital admission of the TBI persons have not changed by time.  Secondly, our previous study concerning fall-induced cervical spine injuries of older adults between 1970 and 2011 (fracture, cord injury or their combination) showed a similarly drastic rise in the number and incidence of the victims and all these patients have always been hospitalized (23).        
Taken together, the number and age-adjusted incidence of fall-induced TBI among older Finns 
increased steeply between 1970 and 2017 and rapid aging of the population is likely to exacerbate 
the problem in the near future.  Further studies are needed to better understand the reasons for the increase so that effective interventions for falls and injury prevention can be initiated.  Current evidence suggests that falls prevention programs among older adults have potential to reduce falls, serious fall-induced injuries, and subsequent emergency department visits, hospitalizations, nursing home placements, functional decline and mortality (2,18,22,23).  Multifactorial interventions aimed at reducing the number of falls of elderly persons by simultaneously modifying many of the predisposing and situational risk factors for falls have shown promising results (2,22,24,25).  Also, single interventions, such as strength and balance training, reduction in psychotropic medication, correction of visual impairment, home-hazard assessment and modification, and gait-stabilizing anti-slip devices, can be effective (21,22,26,27).     
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Figure 1.  Fall-induced hospital-treated traumatic brain injuries in Finnish women and men 80 
years or older between 1970 and 2017. A) Number B) Age-adjusted incidence (per 100,000). 
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Figure 2.  Age-specific incidence (per 100,000) of fall-induced hospital-treated traumatic brain 
injuries in Finnish women and men 80 years or older between 1970 and 2017. A) Women B) Men. 
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Figure 3.  Actual and predicted numbers of fall-induced hospital-treated traumatic brain injuries 
(TBI) in elderly Finns 80 years of age or older between 1970 and 2030. The prediction part of each 
curve (2018-2030) denotes to a TBI development-model in which the age-adjusted incidence of 
injury will increase with a rate observed in 1970-2017 (see Figure 1B). The size of the 80-year-old 
or older Finnish population is, in turn, predicted to increase from 0.29 million in 2017 to 0.49 
million in 2030.  
